Abstract: Phytoremediation or green technology is counted among the successful and effective biological contaminated water treatment techniques. Basically, the concept of this green, cost-effective, simple, environmentally non disruptive method consists in using plants and microbiological processes to reduce contaminants in the ecosystem. Different species from aquatic plants (emerged, free-floating, and submerged) have been studied to mitigate toxic contaminants such as arsenic, cadmium, chromium, copper, lead, mercury, zinc, etc. Arsenic is one of the most severe toxic elements; it is widely distributed in the environment, usually found in combination with chloride, oxygen, sulphur and metal ions as a result of mineral dissolution from sedimentary or volcanic rocks and the dilution of geothermal water. The effluents from both industrial and agricultural sectors are also regarded as sources to contaminate water. From the accumulation point of view, several aquatic plants have been mentioned as good arsenic accumulators and their performance is evaluated using the green technology method. These include Spirodela polyrhiza, Wolffia globosa, Lemna gibba, L. minor, Eichhornia crassipes, Azolla caroliniana, Azolla filiculoides, Azolla pinnata, Ceratophyllum demersum and Pistia stratiotes. The up-to-date information illustrated in this review paper generates knowledge about the ability of some common aquatic plants around the globe to remediate arsenic from contaminated water.
Introduction
Water contamination by metals is an enormous and critical environmental issue worldwide. Both wastewater and inadequately treated wastewater participate continuously to disseminate either organic or inorganic contaminants. In opposition to organic contaminants, metals remain and are likely to accumulate in the environment. Arsenic is a member of the nitrogen family with both metallic and non-metallic properties; also it is quite common in the soil, water, air and living matter. It belongs to a group of elements often referred to as trace elements (Smedley and Kinniburgh 2002) .
Arsenic is one of the common metals in the environment which have toxic influence at low concentration as well as at high concentration. It is ubiquitous and ranks 20 th in natural abundance, comprising about 0.00005% of the earth's crust (Mandal and Suzuki 2002) . Also, it gains considerable importance as a potent environmental contaminant (Chuita et al. 2009 ). In aquatic environments, metals constitute common pollutants and most probably these ecosystems are often final receptors of metals. Due to the availability of biomass in a variety of trophic levels, which might lead to the accumulation of metals, these ecosystems are sensitive. Therefore, aquatic macrophytes are often the first link in relation to the metal content of aquatic environments. Arsenic is among the essential elements that play a positive role in the enzymatic system of plants. Nevertheless, at higher concentrations, it is phytotoxic, having negative influences in the physiological and biochemical functions of plants. Arsenic contamination of the environment is released into the environment through industrial wastewater, for example from ceramic production, electroplating, pigments, heat exchangers, and household applications (Viraraghavan 1999; Madhavan and Subramanian 2000) .
It is well known that large varieties of conventional methods are used for the removal of arsenic from wastewater, including chemical precipitation, ion exchange, and reverse osmosis. Phytoremediation is an eco-friendly method based on utilizing plants to mitigate contamination. It is a cost-effective, aesthetically accepted and viable alternative to purify water contaminated with metals (Ismail 2012) . The type of wastewater and the nature of the pollutants as well as the concentrations of the pollutants are other factors on which the selection of suitable plants for phytoremediation depends (Ra et al. 2007 ). The most important characteristic needed by the plants to be used as a hyper-accumulator is pollutant bioaccumulation (Visoottiviseth et al. 2002) . Aquatic plants are used as a practical and effective technique to remove toxic elements from wastewater. A great body of research has carried out the use of different aquatic plants in the remediation of contaminated water with heavy metals, for instance, cadmium, chromium, copper, iron, lead, manganese, and zinc (Axtell et al. 2003; Baldantoni et al. 2004; Mazej and Germ 2009 ). Mishra and Tripathi (2008) reported that aquatic plants (Pistia stratiotes L. (water lettuce), Spirodela polyrrhiza, (duckweed) and Eichhornia crassipes) could be capable of reducing the concentrations of metal ions by up to 90%. From the eco toxicological standpoint, Lemna spp. has been used for the removal of heavy metals from wastewater and constructed wetlands (Cheng et al. 2002; Ran et al. 2004; Kanoun-Boulé et al. 2009; Patel and Kanungo 2010; Bres et al. 2012 ). This research work helps to better understand the potential use of several aquatic macrophytes for removal of arsenic from contaminated water.
Arsenic is widely distributed in aquatic systems as a result of mineral dissolution from volcanic or sedimentary rocks as well as from the dilution of geothermal waters (Moradi et al. 2013) . Also minerals, chemical fertilizers containing arsenic, mining and other human activities such as burning fossil fuels are the most common sources of arsenic in the environment (Bissen and Frimmel 2003) . There are many factors affecting the form (inorganic or organic) and the oxidation state of arsenic, such as redox conditions, surrounding mineral composition and pH. Both arsenite [As 3+ ] and arsenate [As 5+ ] are the predominant species in most environments, although the organic ones might also be present (Andrianisa et al. 2008) .
Many physiological and biochemical symptoms occur in the presence of high concentrations of arsenic in plants. Excessive arsenic strongly damages plant mineral nutrition, photosynthesis pigments, and membrane function. Meristem mitotic activity is reduced in the root apex, which leads to the absence of wholeness in the root meristem. Also, it inhibits seed germination, plant growth and development, and markedly decreases the yields of plants (Boominathan and Doran 2002) .
Potential of aquatic plants for removal of arsenic from wastewater
Duckweed Duckweeds are small free-floating aquatic angiosperm plants and among the world's smallest flowering plants living in several types of water ecosystem, including lakes, streams, and ponds. The whole plant body is reduced to form a flat small leaf-like structure called fronds. They are easy to handle in laboratory conditions, and display rapid reproductive propagation. They can survive in a wide range of pH and temperature (3.5-10.5, 7-35 0 C), respectively. Due to the fact that it is quite sensitive to different pollutants and can bio-filter them, duckweed is one of the aquatic plants that is of special environmental concern (Scheffer et al. 2003) .
Lemna, Spirodela, Wolffia, and Wolfiella are the four genera of duckweed with thirty-four species that have been shown to accumulate arsenic from water and wastewater (Mkandawire, Lyubun et al., 2004; Mkandawire, Taubert et al., 2004b; Mkandawire and Dudel 2005; Zhang et al. 2009 ). Duman et al. (2010) studied the bioaccumulation and physiological effect of arsenic on L. minor under various concentrations (0, 1, 4, 16 and 64 µM and different durations (1, 2, 4 and 6 days). Results revealed that L. minor could be used as a phyto-remediator to accumulate high levels of arsenic from polluted water; moreover, both exposure duration and concentration have strong synergetic effects on antioxidant enzymes. In a greenhouse experiment, Alvarado et al. (2008) found that the removal rate for L. minor was 140 mg arsenic ha
with a removal recovery of 5%. In vitro, Rahmani et al. (2007 Rahmani et al. ( , 2008 used S. polyrhiza L. for arsenic accumulation and to explain the efficiency of arsenic uptake. Laboratory results clearly showed that S. polyrhiza L. accumulated a higher amount of arsenic from arsenic solution compared to that from DMAA solution. Furthermore, arsenic uptake was positively correlated with iron uptake and negatively correlated with phosphate uptake, which was explained by the adsorptive affinity of arsenic for iron oxides of root surfaces and the competitive uptake inhibition of arsenic by phosphate. In another piece of research, giant duckweed (S. polyrhiza L.) was used to evaluate the biological effects of wastewater samples containing arsenic. The results from the study revealed that plants accumulated a high amount of arsenic, which seems to have a potential use as a phytoremediator species of aquatic environments (Seth et al. 2007) . Wolffia globosa (rootles duckweed) was investigated for arsenic phyto-filtration. Results reported that Wolffia globosa was capable of accumulating more than 1000 mg arsenic kg −1 dry weight, and tolerated up to 400 mg arsenic kg −1 dry weight.
Water hyacinth
Water hyacinth is a member of the pickerelweed family: Pontederiaceae, and Genus: Eichhornia. It is among the world's most prevalent invasive aquatic vascular plants. It is a free-floating perennial macrophyte. It is rounded, upright with shiny green leaves, lavender flowers and a dark blue root system (APIRIS 2005; Dhote and Dixit 2009). Normally, it forms dense mats due to its rapid growth; it reproduces sexually and asexually. Seeds need up to six months to germinate properly and dry conditions help them to germinate early (Williams and Hecky 2005; Ebel et al. 2007; Gupta et al. 2012 ). In addition, water hyacinth is capable of assimilating large quantities of pollutants (heavy metals) and nutrients, which makes it more usable to enhance the quality of wastewater (Wilson et al. 2005; Fang et al. 2007) . A study was carried out on the performance of E. crassipes in removing arsenic. The results obtained from the study clearly showed that the plants removed a high amount of arsenic at a removal rate of 600 mg arsenic ha -1 d -1 under field conditions (Alvarado et al. 2008) . Research pointed out that the water hyacinth is counted as one of the reliable alternatives for arsenic bioremediation in aquatic environments; however, the plants cause serious destruction in water management as they have a massive vegetative reproduction and high growth rate. Therefore, using the water hyacinth as a phytoremediator needs much consideration.
Azolla
Azolla is a cosmopolitan small free-floating aquatic plant found in ponds, lakes, and rivers. It is widely distributed in several parts around the globe such as South-East Asia. Under favourable conditions Azolla reproduces itself very quickly. Several studies investigated the performance of Azolla in accumulating different pollutants and toxic metals. It has been demonstrated that Azolla is capable of up-taking contaminants from wastewater (Sela et al. 1989; Bieleski and Lauchi 1992; Sood et al. 2012; Pandy 2012 and Moradi et al. 2013) . Also, it has the ability to alter water quality by regulating oxygen balance and nutrient cycles (Sood et al. 2012 ). All six species have large air chambers containing symbiotic nitrogen-fixing colonies of a blue-green alga, Anabaena azollae, which makes Azolla very effective in nitrogen fixation and use as a green fertilizer in rice fields (Becking 1979; Lumpkin and Plucknett 1980) . Several species of Azolla have been tested. Sánchez-Viveros et al. (2011) reported that Azolla tolerates arsenic accumulation lower than 30 mg ml −1 ; however, it accumulated 28 mg gm −1 when exposed to 60 mg ml −1
. Clear toxicity symptoms such as chlorosis and necrosis were observed. In a comparison study, the toxicity and accumulation of arsenic in fifty strains of Azolla were investigated. Results showed that arsenic concentration in the fronds was between 29 and 397 when the plants were exposed to 50 mM for ten days. A. caroliniana showed the highest arsenic uptake potential in the fronds (284 mg kg -1 dw) followed by A. microphylla, A. pinnata, A. maxicana, and A. filiculoides (Zhang et al. 2008) .
Ceratophyllum demersum
It is a submerged plant, fast growing in muddy, shallow, motionless water at low light intensities. Due to the fact that it is a good oxygenator, it has been used in closed equilibrated biological aquatic systems (Aravind and Prasad 2005). Xue et al. (2012) investigated arsenic accumulation and speciation in Ceratophyllum demersum. The outcome from the study revealed that Ceratophyllum demersum is a fantastic accumulator, which accumulates 862 and 963 µg g -1 dry weight after four days of exposure to 10 µM arsenate and arsenite, respectively. Furthermore, Ceratophyllum demersum dramatically reduces arsenate to arsenite in the shoot of the plant. Khang (2012) studied the influences of iron on the uptake of arsenite and arsenate. The results showed that arsenic accumulation by Ceratophyllum demersum declined with enhancing of the solution. Furthermore, an iron coating on the plants was found to have significant effects on plant arsenic uptake.
Water lettuce
It is a free-floating perennial aquatic plant in the family Araceae, with many fluffy, dusty green leaves with a simple structure and its roots hanging submerged beneath the floating plant. The leaves are around 2.54 to 15.24 cm wide and have large veins running their length. It is often called water cabbage or water lettuce. The plant grows rapidly and can be reproduced by vegetative means and sexually. Research has found that lettuce doubles its biomass in just over five days; triples it in ten days, and quadruples it in 20 days (Fonkou et al. 2002) . The plants can make thick mats on the top of the water (ponds, lakes, and slow motion water), which most probably can pose many problems for aquatic life like fish as a result of oxygen depletion (Harley et al. 1984; Odjegba and Fasidi 2004) . Like other aquatic plants, water lettuce has been examined for treatment of wastewater and metal detoxification (Zimmels et al. 2006; Skinner et al. 2007; Tewari et al. 2008) .
Conclusion
Arsenic contamination like that of other metals has a huge negative impact on both aquatic life and human health. Phytoremediation or green technology with aquatic macrophytes is an environmentally inexpensive and ascetically pleasing method for enhancing the quality of water and wastewater. In addition, it can be practically implemented in combination with other conventional methods as a final stage to the remedial process. Different species of aquatic plants have been used for the remediation of metals from fresh water and wastewater. Luckily, some of these species have revealed a good performance to accumulate a high amount of arsenic from water and wastewater. For example, Ceratophyllum demersum, water hyacinth (E. crassipes), water fern (Azolla spp.), duckweed (Lemna, Spirodela, and Wolffia) and water lettuce (P. stratiotes). From the environmental point of view, the management and disposal of these hyper-accumulators are the main concerns that have to be solved as quickly as possible to achieve the implementation of phytoremediation.
